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CO~PARISON OF THE SPLIT TENSILE TEST AND THE DOUBLE PUNCH TEST 
AS METHODS FOR FINDING THE TENSILE STRENGTH OF CONCRETE 
By Harshavardhan C. Mehta1 , Alfonso J. Pepe2 and Wai-Fah Chen3 
1. INTRODUCTION 
The most widely used method for the determination of the 
tensile strength of concrete has been the split tensile test used on 
cylindrical specimens. Availability of an alternate method of tensile 
strength determination has resulted from the study of the double punch 
method of loading." Work in both the areas of soil mechanics and 
concrete and rock has led to increased knowledge on the double punch 
test. Since the·bearing capacity behavior for soils and concrete blocks 
are closely related, work in both areas is applicable to further study 
in either. 
The double punch method for finding concrete tensit~ strength 
has been suggested by Chen (1,2). The tensile strength is calculated 
from the maximum load by the theory of perfect plasticity. Fang (4) 
has found that suitable ratios of height-to-diameter for the specimen 
are between 0.8 and 1.2 and acceptable ratios of disc diameter to 
specimen diameter are between 0.2 and 0.3. 
The purpose of this investigation is to compare the load strain 
relationships and ultimate tensile strength results for the split tensile 
test and the double punch test. Possible variations in the correlation 
1 Research Assistant, Fritz.Engineering Laboratory, Lehigh University, 
Bethlehem, Pa. 
2 Senior, Department of Civil Engineering, Lehigh University, Bethlehem, 
Pa. 
3 Professor of Civil Engineering, Fritz Engineering Laboratory, Lehigh 
University, Bethlehem, Pa. 
-2. 
of the two tests will be inspected by studying the two tests as performed 
on concrete specimens with varying properties. The variation of proper-
ties was achieved by polymer impregnation of some of the concrete test 
cylinders. 
2. SCOPE 
The mix design for all specimens was standardized. Four 
categories of specimens were initially produced and tested. Later, more 
data was desired and the experiment was expanded to include seven cate-
gories which represented a finer gradation in concrete properties. 
Category designation depended on whether or not the specimens were 
polymer impregnated (PI) and, if so, what relative amounts of methyl 
methacrylate ~) and butyl acrylate (BA) were present. Table 2 
summarizes the categories. 
2.1 Preparation of Concrete Specimens 
Type III high early Portland cement and 1/2 in (13 mm) gravel 
as coarse aggregate were used in the mix. The mix consisted of water, 
cement, washed: granite .. fine aggregate and coarse aggregate in the 
following ratio by weight Of 1:2.33:3.11:3.56. Table 1 gives the mix 
design by weight. 
'' 
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The specimens were cylindrical and 6 in (152 ~m) in diameter 
by 6 in (152 !lh'11) in height. Cylinders Here formed in cardboard molds 
and were compacted by the standard method of rodding 25 times after 
filling each third of the mold. The molds were stripped off the 
cylinders the day after forming. 
Test cylinders were poured in two batches, each consisting 
of 19 cylinders. The first set poured was numbered I-1 to I-19 and 
the second set II-1 to II-19. The specimens were.cured at 90-100% 
relative humidity for two vJeeks. and then stored in air prior to testing. 
2.2 Impregnation Procedure 
The i.mpregnation procedure consisted of oven drying the speci-
mens to remove all the water from the voids. The cylinders were then 
evacuated at 28 in (711 ~'11) Hg for 1.5~2.5 hr to remove most of the air 
from the voids. Evaucation was followed by immediate submersion in the 
monomer which was subsequently pressurized at 40 to 50 psi. Impregna-
tion lasted from 5-7 hr. 
water for 7-8 hr. 
0 Polymerization was done with 80-90 C hot 
The impregnation vessel (Fig. 1) is constructed of a steel pipe which 
stands upright and is capable of holding five specimens. It has a 
removable top which is bolted down. The apparatus is equipped with a 
pressure gage and a vacuum gage. Evacuation is followed by the filling 
of the vessel under vacuum. Pressurization is done with nitrogen gas. 
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2.3 Preparation of Test Specimens 
Initial tests included 22 specimens. Five cylinders were 
prepared for each PI group and each control group contained six 
specimens. Two cylinders from each category were equipped with cir-
cumferential strain gages for the double punch test and two from each 
category were set up with end type strain gages for the split tensile 
test. The two impregnated cylinders without strain gages 
were tested by the double punch method. Double punch testing included 
three specimens from each category and split tensile testing incJuded 
three from each control group and two from each PI group. 
For the 270 day tests, four specimens in each PI group were 
produced. Cylinders were fitted with strain gages, again divided 
evenly between circumferential and end type. Two undried controls 
were tested to check any variations in.the concrete over time. One 
was tested by each method and both had strain gages. 
It should be noted that circumferential strain gages in the 
initial tests had gage lengths of 12 in, while those in the 270 day 
tests had 6 in gage lengths. 
Load-strain graphs for all specimens with gages were automa-
tically plotted with an x-y plotter while testing proceeded. The 
curves are shown in Figs. 6 and 7 for split tensile and double punch 
tests, respectively. 
Figures 1, 2 and 3 show schematics of the impregnation vessel 
and the test setups. 
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3. THEORETICAL ANALYSIS 
The theoretical basis of the formula for computing the 
tensile strength of a split tensile test has been derived from the theory 
of linear elasticity (9). It has the simple form 
(1) 
where 
crt = simple tensile strength, psi 
P = applied load, lb 
L = length of specimen, in 
d = diameter of specimen, in 
It has. been shown recently by limit analysis (1) that an 
identical formula of the problem can also be derived from the. theory of 
perfect plasticity. A plasticity treatment of the double punch test for 
concrete has been developed by Chen (2) and results for predicting the 
bearing capacity of concrete are available (1,7,8). 
The theory cited by Chen and Drucker (7) is based on two 
assumptions. The first assumption is that sufficient local deforma-
bility of concrete in tension and in compression does exist to permit 
the application of the generalized theorems of limit analysis to concrete 
idealized as a perfectly plastic material. The second assumption is 
that a modified Mohr-Coulomb failure surface in compression and a small 
but non-zero tension cutoff is postulated as a yield surface for the 
concrete (Fig. 4). In Fig. 4, f~, crt and~ denote the compressive 
strength, the simple tensile strength and the internal friction angle 
of the concrete, respectively. 
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Figure 5 shows an ideal failure mechanism for a double punch 
test on a cylinder specimen. It consists of many simple tension cracks 
along the radial direction and two cone-shaped rupture surfaces directly 
beneath the punches. The cone shapes move toward each other as a rigid 
body and displace the surrounding material sideways. The relative 
velocity vector, & , at each point along the cone surface is inclined 
w 
at an angle, ~' to the surface (7). The compatible velocity relation 
is also shown in Fig. 5. It is a simple matter to calculate the areas 
of the surfaces of discontinuity. The rate of dissipation of energy 
is found by multiplying the area of each discontinuity surface by crt 
times the separation velocity 2~ across the surface for a simple 
r 
"tensile" crack or f~(l-sin~)/2 times the relative velocity ow across 
the cone-shaped rupture surface for simple "shearing" (7). Equating 
the external rate of work to the total rate of internal dissipation 
yields the value of the upper bound on the applied load P, 
f' 
P 1 - sinco c · [bH l 
TTa2 = . (!V-kn) - 2 + tan(Ctf-~) ~ - cotCY_j'cr s~nCY cos ~·y _a t 
in which 
CY = as yet unknown angle of the cone 
a = radius of the punch 
b,H = specimen dimensions (Fig. 12) 
The upper bound has a minimum value when CY satisfies the 
condition oPu/oCY = 0, which is 
cota = tan~ + sec~ 
(2) 
(3) 
4- -' I 
valid for 
-112a\ 
CL = tan \H) 
and Eq. 2 can be reduced to 
p rbH <2 ) 1; rra2 = cr tl_7 tan - Cii-cp - J 
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(4) 
(5) 
By using typical values of f' in terms of cr and a typi~al cp, 
c t 
and using the values of a, b and H, the value of a, where the upper 
bound is a minimum, can be found and Eq. (5) gives 
(6) 
It is found that the coefficient, K, which appears in the 
above equation is not too sensitive to the internal friction angle, cp. 
For example, if the following values were used ·in a solution:· f' = 
c 
lOcrt; cp = x deg.; 2a = 1 in; 2b = 4 in and H = 4.6 in; and cp varies 
between 0-30°, the coefficient would vary from 0.84-1.32. 
As concluded by Chen and Drucker (7), the upper bound 
solution so obtained is, in fact, close to the correct values. It 
seems, therefore, reasonable to take 
as a working formula for computing the tensile strength in a double 
punch test for concrete (see Ref. 7). 
(7) 
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4. TEST RESULTS AND DISCUSSION 
In the initial tests, load strain graphs were successfully 
plotted for all specimens with strain gages except the undried controls. 
In this case, the failure crack either prematurely propagated through 
the area covered by the strain gage for both specimens. All graphs 
were cobtained for the 270 day tests. 
The two graphs for each category and each type of test were 
"averaged" to obtain resultant curves which appear in Figs. 6 and 7. 
Pertinent test data are summarized in Figs. 8 and 9. 
Referring to Figs. 6 and 7, it can be seen that various 
relative amounts of MMA and BA gave a range of stiffness and strength 
to the specimens.with slight variations from previous work (5). 
It is obvious from Figs. 5 arid 6 and Tables 2 and 3 that the 
modulus, strength, ultimate strain and energy to break are increased 
dramatically by polymer impregnation. In general, with increasing 
amounts of BA in the polymer mixture, the strength decreases from that 
obtained for MMA impregnated sample with corresponding increase. in the 
straining capacity. However, an interesting thing to observe is that 
the decrease in compressive strengths can be substantial (5), the 
decrease in tensile strength are only slight or none up to 50% BA 
in the mixture with a marked drop at 70% BA in the mixture. In fact, 
the optimum combination in tension observed from both split tensile 
and double punch tests seems to be 50% MMA/50% BA mixture with strengths 
slightly higher than and straining capacity of almost twice that of 
100% MMA impregnated samples. 
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Tables 2 and 3 SWTh~arize the percent polymer loading and 
tensile strengths obtained for each category from split tensile and 
double punch tests, respectively. The comparison of these strengths 
are plotted in Fig. 8 with line of equality drawn at 45° to the x-axis. 
It can be observed that the split tensile strengths as calculated 
from the Eq. 1 invariably come out slightly higher than the 
strengths obtained from double punch tests using the Eq. 7 (rage 7) 
for all the different kinds of concretes. The difference seems to be 
increasing with increasing concrete strengths. However, over this 
whole range of strength the mean percentage error (calculated by % 
error = difference ~ split tensile strength) was about 7% with a maximum 
of 14%. It is felt that the higher strenghs observed from split tension 
tests are due to predetermination of failure plane in contrast to no 
such predetermined failure planes for double punch tests. Since the 
failure in double punch will occur in weakest section, double punch 
test is probably a better test for measuring the true tensile strength 
of concrete. Thus double punch test seems to be a viable substitute 
for the split tensile test. 
A relationship between the strains at ultimate stress for the 
two types of tests was also sought. The calculated mean ratio of double 
punch circumferential strains to split tensile end strains is 0.56. The 
best fit line based on regression analysis (Fig. 9) yields a value of 
0.48 for slope of the line of. regression. 
Figures 10 and 11 show failure modes in split tension and 
double punch tests. The double punch failure is exactly as predicted 
by theory. 
I , _t; 
.... ' 
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5. CONCLUSIONS 
1. The double punch test can be substituted for the split tensile 
test for obtaining the strength and load deformation character-
istics in tension for concrete. 
2. Variations in the concrete properties does not appreciably 
affect the results of the test for most conditions, however~ 
the effects do seem to get stronger with increasing strength 
with tensile strength from split-tension test always higher 
than double punch test due to predetermined failure plane. 
It is felt that double punch test gives a better measure for 
true tensile strength of concrete. 
3. The strains at ultimate stress for specimens tested by the 
split tensile test and equipped with end type strain gages 
are between 1.8 and 1.9 times those for the double punch 
test with strains measured on the circumference. 
4. Use of 6-in (152-mm) circumferential gages for double punch 
tests at 270 days as compared to earlier tests using 12-in 
(305 mm) circumferential gages showed no appreciable cliff-
erence in load-strain characteristics. Thus~ double punch 
tests on 6x6" cp cylinders can be done with one 6-in (152-mm) 
gage to obtain the load-deformation characteristics. 
5. The plasticity treatment of concrete under the double punch 
conditions is useful and accurate in predicting the mode of 
failure and the tensile strength of cylindrical specimens. 
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Water 
Cement (Type III) 
Sand, washed granite 
Gravel 
Water/cement ratio 
Slump 
Table 1 
29.1 lb (13.2 kg) 
67.7 lb (30.7 kg) 
90.4 lb (41.0 kg) 
103.7 lb (47.1 kg) 
0.43 
2 in (50.8 mm) 
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Table 2 Split Tensile Test 
Initial Tests 
Cylinder cr Ultimate Average t 
Category No. % Loading1 {ksi2 {MN/m:;! 2 
50% MMA I-3 6.92 
50% BA I-4 6.20 1.44 9.95 
100% HMA II-3 7.58 
II-4 6.82 1.17 8.05 
Oven Dried I-7 
Control II-7 
I-17 0.54 3.75 
Undried I-14 
·Control II-17 
II-18 0.50 3.43 
270 Day Tests 
70% MMA I-17 6.20 
30% BA I-18 6.82 1.12 7.70 
60'7o MMA I-10 6.82 
40% BA I-19 6.20 1.14 7.84 
30% MMA II-9 5.66 
70% BA II-16 6.51 0.69 4. 733 
Undried II-15 0.50 3.45 
Control 
1 Percent loading = Im2regnated wt.-Dry wt. X 100 
· ZP Dry wt. 
2 Ul . max 
crt t1mate = n L d 
3 Extremely ductile failure; the polymer actually holds the broken pieces 
together with very ductile strands. 
Category 
50% MMA 
50% BA 
100% MMA 
Oven Dried 
Control 
Undried 
Control 
70% MMA 
30% BA 
60% MMA 
40% BA 
30% MMA 
70% BA 
Undried 
Control 
Table 
Cylinder 
No. 
I-1 
I-2 
1-5 
1-1 
11-2 
11-5 
1-6 
11-6 
11-8 
1-12 
1-13 
11-19 
I-ll 
1-12 
1-9 
1-16 
11-11 
11-14 
11-10 
3 Double Punch Tests 
Initial Tests 
% Loading1 
6.06 
6.87 
6.98 
7.63 
7.58 
6.82 
270 Day Tests 
4.51 
6.92 
6.92 
6.06 
6.06 
6.02 
i -=Im~p~r~e~g~n~a~t~e~d_w~t~.--D~r~y~w~t~. x 100 Percent loading = Dry wt. 
p 
2 max 
at Ultimate = n(l.O bH _ a2) 
-14 -" 
at Ultimate Average2 
(ksi) (MN/m2 ) 
1.24 8.59 
1.08 7.48 
0.51 3.57 
0.47 3.27 
1.07 
1.04 7.18 
0.67 
0.46 3.18 
3 Partial failure of the impregnation vessel resulted in less than full 
loading. 
4 0nly the ultimate stress for II-11 was used in this calculation because 
the other cylinder was tested under poor conditions. The punches were 
edging into the specimen. 
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Ffg. 10 Double Punch Failure in Impregnated (Left) and Regular (Right) 6x6 in ~ 
Concrete Specimens 
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Fig. 11 Split Tensile Failure Regular (Left) and Impregnated (Right) 6x6 in ~ 
Concrete Specimens 
